Background. Iron deficiency anemia impacts on cognitive development. The objective of this study was to determine the prevalence of anemia and iron deficiency in children with Down syndrome and identify risk factors for anemia. Methods. We conducted a prolective cross-sectional study of children attending a multidisciplinary Down syndrome medical center. One hundred and forty nine children with Down syndrome aged 0-20 years were enrolled in the study. Information obtained included a medical history, physical and developmental examination, nutritional assessment, and the results of blood tests. Results. Of the patients studied, 8.1% were found to have anemia. Among the 38 children who had iron studies, 50.0% had iron deficiency. In a multivariate analysis, Arab ethnicity and low weight for age were significantly associated with anemia. Gender, height, the presence of an eating disorder, and congenital heart disease were not risk factors for anemia. Conclusions. Children with Down syndrome are at risk for anemia and iron deficiency similar to the general population. Children with Down syndrome should be monitored for anemia and iron deficiency so that prompt intervention can be initiated.
Introduction
Iron deficiency anemia (IDA) is prevalent and a major public health care issue [1, 2] . IDA has been associated with motor and cognitive developmental deficits in children and may be irreversible [3] [4] [5] [6] [7] . IDA may have an even greater impact on select populations who are already at risk for intellectual and developmental compromise.
Down syndrome (DS) is the most common human aneuploidy with an approximate incidence of one in 800 live births. Clinical manifestations of DS include cognitive impairment, craniofacial dysmorphism, gastrointestinal tract abnormalities, congenital heart defects, endocrine abnormalities, immunologic defects, and neurologic deficits associated with early onset dementia [8] . Regarding the hematopoietic system, children with DS frequently show macrocytosis, abnormalities in platelet counts, and an increased prevalence of leukemia [9] [10] [11] [12] [13] . Similar to the general population, individuals with DS may be at risk for IDA and its consequent complications.
There are only a few studies regarding anemia in DS patients. Until recently, those studies which have been published often focused on a select population of children with DS and may not be representative of the general DS population. For example, Awasthi et al. investigated the hematological profile of patients with DS who presented with initial manifestations of a hematological disorder to a genetics clinic [14] . Of the 239 children with DS who were examined over a 10-year period, 6.2% were found to have a hematological disorder. Of those 6.2%, 73.3% had acute leukemia or transient myeloproliferative disorder (TMD). Only 4 of the 239 children in the study (1.7%) were found to have anemia. Henry et al. performed blood counts on 159 newborns (aged 0-7 days) with DS. These tests revealed the prevalence of anemia to be no different from the general neonatal population. The authors suggested that anemia in this age group may be more of a reflection of either maternal iron stores or delivery-related newborn blood losses [15] .
Dixon et al. performed blood counts and iron studies on 114 children with DS and found IDA in 3% and ID in 10%, 2 International Journal of Pediatrics comparable with their prevalence in the general pediatric population [16] .
The paucity of data on the prevalence of anemia in DS patients of different age groups and the deleterious consequences associated with IDA lead us to investigate the prevalence of anemia in this population and the specific risk factors associated with IDA in children with DS.
Methods

Participants. During 2004-2007
, 149 children and young adults with DS were seen at the Center for Down Syndrome at the Hadassah Mount Scopus University Medical Center, and these individuals were included in the study. The Center for Down Syndrome serves the entire population of Israel, and patients from the predominantly Arab neighborhoods of East Jerusalem are actively recruited as part of a cooperative (Israeli/Palestinian physicians) communitybased program to enhance the care of children with DS from all ethnic backgrounds. As such, the center's patient poulation is representative of the general population of the region. The study protocol was approved by the HadassahHebrew University Institutional Review Board (Helsinki Committee).
The study was prolective, with the patient population and data parameters defined before data acquisition. The patient population included children and young adults with DS aged 0-20 years at their first visit to the Center (before any intervention). Patients were eligible for the study if they had a complete blood count (CBC) performed as part of their evaluation or had undergone blood testing within 3 months of their visit (as part of the center's protocol, we request that parents or patients bring recent laboratory results). It should be noted that all laboratory studies for outpatients in Israel (there is universal health coverage for Israeli citizens) must be approved by the patient's health maintenance organization (HMO), and HMOs have different policies regarding approval of laboratory testing. A subgroup of 38 children also had iron studies (iron, ferritin, and transferrin levels) either performed at our center or at the child's HMO. All participants arrived at the center for a general medical evaluation.
Measures.
A complete medical history was taken and patients underwent a physical examination. Information collected for the study included birth history, initial nutrition, motor development, congenital malformations, and DSrelated complications (e.g., feeding disorders, oropharyngeal hypotonia, etc.). Anthropomorphic data was recorded including BMI. Height and weight measurements were analyzed in the context of growth charts developed for individuals with DS. The nutritional status of the patients was assessed, and every patient was evaluated for the presence of a feeding or nutritional disorder by the center's dietitian and speech therapist.
Statistical Methods.
All hematinic study data was analyzed in terms of established age appropriate norms based on the NHANES III [1] . Data was entered into a spreadsheet 
Results
During the years 2004-2007, 303 children and young adults were evaluated as first-time patients at the Center for Down Syndrome. Of these, 149 (49.0%) had the requisite data to be included in the study. The demographic and clinical data of the study group is shown in Table 1 . There was a greater proportion of males which is to be expected, as there is male predominance among patients with DS. The division between Jewish and Arab patients was close to the population distribution in the region. More than half the patients had heart defects, feeding disorders, and motor delay. With regard to feeding disorders and delayed walking, not all parents could recall this information or children had not reached an age at which this could be determined. The overall prevalence of anemia in our study group was 8.1% (Table 2 ). The proportion of children with anemia increased with age, with 13.7% of children over the age of 10 years having anemia. Likewise, the number of children having blood hemoglobin that was lower than the published NHANES III averages for different age groups increased with age.
Hematologic indices for the study group are shown in Table 3 . The majority of children did not have anemia or microcytosis. Iron stores as measured by serum ferritin indicated that nearly all children (26/27) tested had below normal levels for age. In contrast, 26 children had their serum transferrin measured, and their levels were normal for their age.
Risk Factors for Anemia.
In univariate analysis, it was found that age, ethnicity, weight, and motor development were related to an increased risk for anemia. Height, history of feeding disorder, or congenital heart defects did not increase the risk for anemia. To determine the adjusted odds ratio for anemia, a logistic regression model was utilized (Table 4 ). The most significant risk factor for anemia was ethnicity. Patients of Arabic ethnicity were found to have a nearly 5-fold increase in anemia. Weight also had an impact on anemia, with the rate of anemia decreasing by 0.03 with every increase by one percentile in weight.
We also investigated variables associated with having a below average hemoglobin for age. Interestingly, an association between motor development and below average hemoglobin concentration for age was found. When looking at the age of independent walking in 53 children, a lower than average hemoglobin for age was more prevalent among those who started walking after the age of 2 years (53.1% versus 24.0%, P < 0.05).
Discussion
IDA is relatively common in the general population, and in many countries and states, there are screening programs to identify children with anemia. The reason for the heightened concern regarding anemia is that IDA has been associated with motor and cognitive developmental deficits in children [3] [4] [5] [6] [7] . In children with DS, whose intellectual capacity is compromised to begin with, utmost attention should be given to preventing anemia and its potentially deleterious developmental consequences.
In the present study, we show that the prevalence of anemia in a general population of children with DS is 8.1%, with the rate increasing with age. Factors associated with anemia in this study included ethnicity and low weight.
There is a question of whether the relatively high rate of anemia in our population is unique to DS or more a reflection of the general population. Review of studies done in the general Israeli population shows that IDA is an endemic problem (similar to other countries in the Middle East) [17] [18] [19] [20] [21] [22] [23] [24] , and it appears that the rates of anemia for patients with DS in our clinic population were lower than those of the general population. For example, Meyerovitch et al. found anemia to be as high as 15.5% in 9-18-months old infants [22] . Fraser et al. found a similar prevalence of 15% among Jewish children and approximately 25% among Bedouin children [23] . Bilenko et al. reported a prevalence as high as 47% [24] . It should be noted that the great variability between studies may represent regional differences and different criteria for defining anemia.
The higher prevalence of anemia among Arab children with DS reflects a more wide-ranging trend among the general population. Lavon et al. found a higher prevalence in 4 International Journal of Pediatrics Arab children: among Jewish children, the rate of anemia was 44.3% from birth to 6 months and increased to 60% from the age of 6 months to one year. For similar age groups in the Arab population, the rates were 43.7% and 71% [25] . Similar differences between groups have been noted in other studies [18, 23] . Meyerovitch et al. found that both Arab and ultraOrthodox Jews had increased rates of IDA [22] . It is possible that ethnic and religious differences related to anemia are secondary to socioeconomic factors which have an impact on adherence to Health Ministry recommendations regarding iron supplementation [26] .
The association that we found between low weight and anemia supports the hypothesis that inadequate nutrition may contribute to IDA and even explain some of the differences found between different ethnic populations. Cause and effect are difficult to determine, as severe iron deficiency alone may cause anorexia and poor weight gain. Other factors, such as various chronic diseases which are more prevalent in DS may also contribute to anemia. As part of our initial evaluation of the participants, we ruled out celiac disease, thus excluding this condition as a contributing factor to IDA. However, it is possible that feeding disorders, which are common among children with DS, may have caused nutritional deficits leading to anemia.
The prevalence of anemia is declining among the general pediatric population in Israel [21, 22] . Public health initiatives have played a role in lowering the rate of anemia, and children with DS have most likely benefited from these interventions which include iron supplementation for all children aged 4 months to one year, with continuation of supplementation if the CBC at one year of age indicates anemia.
There are several limitations to the present study. The results of iron studies were available for only 38 of the 149 children we evaluated for anemia in this study. Thus, we cannot truly characterize the anemia we found as IDA, or identify risk factors associated with iron deficiency. We are further limited in this by the presence of relatively high MCV in this population, as discussed further below. Thalassemia trait also remains a possible etiology for anemia in this ethnic population. However, as iron deficiency is the most common cause of anemia in all age groups worldwide, and in the absence of other proven causes of anemia in our study population, iron deficiency remains the most likely cause of the anemia found in this study.
The study population consisted of children who are in the care of the Center for Children with Down Syndrome. It is possible that they do not adequately represent the general population of children with DS in Israel. Our population may overrepresent families with high compliance for medical followup and treatment, and for this reason, they may have a lower prevalence of anemia than other children with Down syndrome. On the other hand, children with relatively mild manifestations of DS may be underrepresented in our clinic so that our study population is biased towards children with more severe manifestations of DS which may impact the rates of anemia.
An interesting finding in our study was the tendency to macrocytosis in all age groups. Macrocytosis is a common finding in children with DS and has been widely reported [16, [27] [28] [29] . Macrocytosis is not related to Vitamin B12 or folic acid deficiencies, and most likely, there is a metabolic or genetic reason for the macrocytosis. As a result, there may be difficulty in completely characterizing IDA due to macrocytosis. The clinical significance of this point is that the iron status of children with DS should be monitored by both serial CBCs and iron studies.
Conclusions
The prevalence of IDA in children with DS does not greatly differ from the general population. Nevertheless, children with DS and IDA might be more susceptible to the effects of anemia based on the fact that they already have DS-related deficits in motor and neurocognitive development. Since IDA is an easily preventable and treatable problem when diagnosed in a timely manner, it is important to monitor children with DS by periodically performing a CBC and measuring iron stores.
